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the objectives of the contract have presented the work
in progress in the first interim report to imprové™~

1) ecotoxicological test,

2) field procedures and

3) standardization of analysis.

This second interim report deals mostly with toxicity tests because
the point (3) 1is now in order and the work in field was impossible during
the last dry season. Nevertheless, analysis of soil sample are now
currently in progress and most data on computer files.

5 ye % here to develop*more in detail point (1) new results
or state of Xhe art in the improvment of. toxicity tésts.
o —— e e

Codmium, Coveel, Arsenic and W\Sl_\f_gu‘:;f
1) We have repeat e toxicity tests trying to get the LC50 'for
the different metals :{Cd, Cu, As an Hg .

2) We worked out a method to analyse earthworms.

<me. jn the first part, we shall present the results of the
toxicity test with their interpretations and, in the second part, we shall
examine the analyticial method and give results of the test-earthworms
analqzed, trying to establish a relation between earthworms and artisol

from which they come. "< o -\ s3%" = Y& i.t)7
Rl
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1I. TOXICITY TEST . \

2.1. Results
The tests has already been described in the first report.

Since this report, we have carried out a second toxicity serie of
tests during 14 days.

The different test concentrations and results (percentage ol dead
earthworms) are presented for each metal in the following table

METAL CONCENTRATION (ppm) OF HEAVY METAL AND CORRESPONDING
DEATH RATE (%)
Cu 10 30 90 270 810
0% 20 % 30 % 80 % 100 %
HG 1 6 36 216 1296 59_ For ‘
0% 0% 0% 50 % 100 % ARI - d
a a
As 100 200 400 800 1600 wed O
0% 100 % 100 % 100 % 100 § :ation
cd 100 300 900 2700 8100
0% 0% 0% 100 % 100 % ition/

_Availability Codes
Avail 55670;—
Dtat Special
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2.2. Interprétation

Results have been expressed on a Gauss Logarithmic Diagram i.e. the
different concentrations of tested substances (in mg per kg dried weight of
Silica) and the corresponding percentages of dead earthworms.

The best curve 1is drawn amont these different points. We need at
least 3 points for which death rates are between 10 and 90 %.

Thus, we may find the LC50 for each tested substance (concentration
of substance which bills 50 % of the test animals during the test period).
We obtained LC50 only for copper : 110 ppm (see Figure 1 ) because this is
the only metal for which we have 3 concentrations giving mortality rate
between 0 and 90 %.

Thus, the other metals tested (Hg, Cd and As) do not allow the
estimation of LC50. So we decided to make new tests with a shorter range of
concentrations.

METAL CONCENTRATIONS IN ppm OF ARTISOL

As 100 120 140 160 180 200
Cd 600 900 1200 1500 1800 2100
Hg 40 80 160 320 640 1280

Nevertheless, we may deduce from the precedent results that :

- earthworms Eisenia fetida seem to be less sensitive to cadmium
than to other metals ;

- arsenic (as sodiun meta-arsenite) seems to be the contaminant
whose range is the shortest (between 100 and 200 ppm) ;

- for mercury, the most interesting range to study, extends
probably from 50 to 500 ppm.

ITI. ANALYSIS

3.1. Mineralization of samples

Samples are earthworms.

Before mineralization, samples are driec, in a oven at 105° C during
24 hours. They are weighted before and after drying to know their
percentage of water (see table 1 ). Then earthworms are mineralized in the
same flask (glass containers of 30 or 65 ml), in nitric acid (Merck) at 65
% in a rate of 5 ml HNO3 for 100 mg dry weight. Flasks are then closed by
pressure with plastic tops unattacked by acid vapours and leaved at 70° C
during 24 hours. A blank {s also made in the same conditions than other
samples (5 ml HNO3 at 70° C during 24 hours). After mineralization, samples
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are diluted with deionized water {n wvolumetric flasks of 50 or 100 mi,
according to the volume of acid used for mineralization, to get an acid
rate of 10 %. If there is too many solid matters in the mineralizaton
flasks, samples must be filtered.

Finally, they are stored in polyethylene flasks.

3.2. Analysis

For heavy metals analysis, we use an atomic absorption
spectrophotometer : Pye Unicam Sp 1900. We only can analyse Cadmium and
copper amont the heavy metals studied because our spectrophotometer is not
equiped for mercury and arsenic (we are solving this limitation now for
arsenic).

We use a hollow cathode for each metal, to create the beam and we
measure the absorption of radiation by the element to analyse, which is
nebulised by a flame system composed with a mixture of air and acetylene.
The absorption of the radiation emitted by the cathode is proportional to
the metal concentration for small concentrations.

This characteristics of these hollow cathodes are given in the
following table :

METAL WAVE LENGTH RECOVMANDED MAX IMAL
in mm INTENSITY INTENSITY
in mA in mA
Cd 228,8 3,5 5
Cu 324,8 3,5 5

After a first reading to Absorbance with the Atamic Absorption
Spectromphotometer, we can prepare the standards for the di‘ ferent metals,
in the range of absorbance measured.

As usual, the standards are prepared between 0 and 1 or 2 ppm and
contain 10 % nitric acid to be similar to samples. We also store them in
polyethylene flasks. The standards are used to establish the linear
relation between absorbance and concentration.

For copper, we prepared standards between 0 and 1 ppm because all
samples to analyse are included in this range (see Figure 2 ).

For cadmium, we distinguished 2 kinds of samples : those lower than
1 ppm and those upper than 1 ppm. Thus, we drew 2 curves for these two

ranges (see Figures 3 and 4 ). ,

Thanks to these curves (or their equations), the absorbance reading
of each sample, could be expressed as metal concentration (in mg/l) (see
Tables 2, 3 and 4 ).

3.3. Results and interpretations

From the heavy metal concentrations (mg/1) in the solutions
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analysed by Atomic Absorption Spectrophotometer, we can calculate heavy
metal quantities in mg. Then, we express these quantities as a
concentration versus earthworm dried weight (see Tables 5, 6 and 7 }.
Means values of samples are given, for each artisol concentration in tables
8 and 9.

These results can be drawn on a graph for Cu and Cd (body burden
versus Artisol concentrations) ( Figures 5 and 6 ).

Copper and cadmium the earthworm concentrations increase till a
horizontal asymptote. o

For copper, the upper limit seems to be reached at 270 ppm Artisol
Cu. This is normal because in the test 80 % of earthworms are dead for this
concentration. Whereas for Cadmium, we still have 0 % of dead earthworms at
900 ppn Cd in Artisol while earthworms are initially more contaminated in
cadmium than in copper.

1V. CONCLUSION

This investigation shows the narrow relation between metal
concentrations in the soil "Artisol" and the tissues of earthworms living
in this soil. It lets think that earthworms are a good bio-sampling
material of soil.

At least, we notice that uncontaminated earthworms give variable
results depending on the test metal.

Roughly, uncontaminated earthworms contain about 5 to 7 ppm of
copper and 150 to 160 ppm of cadmium. This last level gives us a very high
background. This reflect both some contamination of the rearing initial
manure and also the great accumulation power of earthworm for Cadmium,
associated to a low lethal susceptibility.
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TABLE |

DATE : 22/07/87
WEIGHTS OF EARTHWORMS
AND PERCENTAGE OF WATER

B 0N PN E e ao s reieenrslesenciasaInietevonesiaestssees
e NUMBERS OF « WEIGHTS OF FRESH sWEIGHTS OF DRIEL « PERCENTAGE .
. SAMPLES + EARTHWORMS (mg)e EARTHWORMS (mg)e OF WATER .

85800003 800RCRRRNNRCRRRRRNNCR0RRRRIRRINRCRCQRUTCOGOCRRRSCGESROQREOEECRRTIIOREOERRTITCE

0 Bl . 1041.80 U 212.80 J 79.57 .
A S02000880000C080R0C0ERRPTRCROCERLPNNERCOEEORBTIREESOIRRRRREREGVERQTSTS
. B2 . 718.1€ . 130.92 . 81.80 .
R R Ry N Y N Y R R X R R Ry
. Cul . 27.58 . 87.20 . 83.47 .
SO RTBINPIRGEIILIINNEEERSUIATINRISNGIRRNNITREAVGOSETRONOEEBEBORIINRACRTSETSE
. Cu2 . 861.70 . 142.85 . 83.80 .
18 R0 000000000 PR I Iane P st lattaaeteeuiettRa it iseesessnsessns
. Cul . 9€£2.95 . 177.75 . 81.54 .
R R R RN Ry Ry Y R Y Y R Y R R R R X R R )
. Cud . 28.50 . 146.30 . 82.34 .
CNOEE0000RERTERAIET 29000000000 E04N000LERLTRRRBETRRINESOBRPOISRRISETS
J CusS . 478.45 . 79.30 ¢ 83.30 .
00 ACR ISR RER PRSI RN OROCRROSQUETECOEsRICeOsUEaTEsEdostaveeaare
. Cdl . 983.35 N 144.35 U 85.322 .
AP U0 ERTINPIINERPE RN NI OINBeREdEsIREOtOEsRARENRIOOOCEEROIGRTEDY
s Cd2 ¢ 835.62 . 141.80 . 85.02 s
X X X X R Ry N Y R N R R R SR R R Ry
. Cd3 . - . 47.70 . -— .
R N X R Y Y R R I
. Cda . g2e.15 ¢ 144.85 . 84.2¢ .
XX R X R Y R Y N R R R R R R e
. CcS . £12.92 . 83.€0 . 81.75 .
SN G BB PRI PN ER RO et NN IACIRININNENCOsR0ARTROERARS
. Cdo . 10:2.10 . 15:.80 ] 85.02 .
U0 ET RSN RERIRISPEPNEES BRIttt IREIRAOENERORRIOEETEEOIRICEIURIBIOILTSE
. Cda7 . 1048.72 . 159.80 . 84.76 .
NN CRENEREREBIERNCRInseloTvsEInIIlnUORRsRORsoRIRERIQRRNOEOS
. Cds ¢ 988.70 . 166.50 . £3.16 .

0T RORCGEREP RS TEPEN SO ECEINNRGROCNEcsRitRRECRERROOGRCGOCRRSIEDPERRRRERROROGTOT
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TABLE 2
CONCENTRATIONS OF SAMPLES

IN COPPER (in mg/1)

T R N Ry N Y N R NN RN
. NUMBER OF g ABSORBANCE .« CONCENTRATION .
. SAMPLES . SPECTRO . (in mg/l) .
AR R R R X R RN R R NN NN NN RN N
. £l . e.222 . c.ell .
R R R R N R R R RS RN
. T . ¢.e25% ’ .22 .
88 e8I I LTI IR IERIIRIEEIEENIPIUNRNOIIETITRIRTTNR
. Cui . 0.008 . 827 '
R R R R R NN R N R R R RN RN S
. Cul ' e.e:8 ¢ ¢.e32 '
R R R R R R R R R R R R RN R RN R YRR R
. Cul . e.010 . *. 87 .
R R R R R R N R YR N RN
4 Cus . e.e72 . ¢.206 4
R R R N R RN R RN R RN R
. Cub . 2.852 . 0.208 '
PRI eI I I EE ettt sRIsBUNAIEREIRCEOIIPRLEIRY Y
. Cd: . 2.¢05 . 8.e22 .
R R R X R Y R L A R RN
. Cal . 0.922 . 2.01! '
YR R R R R R R R R R R RN AR
. CaZ . g.eel . e.e0. .
R AR R R R R N R N R RN RN R R RN
. Co4 ¢ B.oez ' 2.2:1 '
PR NN R R R L R R R N N R NN R RN
. Cdt * e.eel L] €.006 «
R Ry N R RN RN
. Cdb . ¢.0e5 » e.ecz .
YR R R R R R R R N R NN R RN R R
. Cd7 . ¢.004 ¢ .91t .
B NRGS NN AP ETANEEDINONBESETVNIRITMNR IR
. Cat ¢ ¢.00> . 0.011 ‘.

Y R R T R R N R RN R R R R NN

et D
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TABLE 3

TABLE 4
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TABLES 3 AND 4
CONCENTRATIONS OF SAMPLES

IN CADMIUM (in mg/l)

RANGE LOWER THAN | P.P.M
O S I I NN0LEUIER RIS REINIRERCRIIROIVITOIRIOOERIRIORITERY

* NUMBER OF * ABSORBANCE * CONCENTRATICON ¢
* SAMPLES * SPECTRO . (in mg/1) '

L AR AR RN A2 R E R R R E R R R R R R R N N RN

. B! . e.eae . 214 .

[ E R X E R R R E R R A R R R R R A R N R R N R R Y NN
v ~Ta

' g2 . 9.222 . 2.536 .

IE AR X ER EE R EERE R R E R E N E A R R RN R R NN NN RN
. = a

. Cul . 0.117 . 0.275 .

I N Y R R PR RN N R Ry

- - 4
. Cu2 * e.2e3 « 2.484 .

[ R R R R Y Y R R Y RN R

. CuZ ' e.1C3 . €.302 .
LR R e Y R RN N RN AW
. Cus L] 173 ' L4287 .
R R N R XX R R R YN}
. Cel 1 0.424 . e.972 .
L R Y Y R )
. £d2 . 0.154 . 2.258 .

L R R Y Y Y PR RN N N RY R

. €d5 . 9.374 . 2.85%9 .

(R R R R Y R Y R N R RN ]

RANGE UPPER THAN | P.P.M
I N Y Y Y YN RN

. NUMBER OF « ABSORBANCE « CONCENTRATION .

. SAMPLES  » SPECTRO  « (in mg/l)
IEE R R R R Y RN RN RN RN R R
. Cdl « .t «1.0238 .
4008005400 RAARAPCERPCRAENRRINENIEITITIPINERBIOGELS
s Caz s p.ela ¢ 0.968 .
AT 8R4V R 4A00000 0208008000000 T80 00¢080cs
] Ccs . €.544 . 1.233 ¢
BSRS890 0280008000000 RUIsSOERURY
. et s 2.627 . 152 .
8004882803202 80000008003C1R R0 dEs GRS NRIBRTSES
. cd? v 0.705 . 1.744 .
8080008003080 002088P023%800080008 . 0000000000008
. ces s ©.805 » 2.0 .

GO IEEA PRIV PRIENPNNECOBIRAIBIERAREIGINIBIRIOISIRENTY
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TABLE S
QUANTITES OF COPPEK (in P.P.M.)

IN ANALYSED EARTHWORMS

SR CESRIEBONNBICERRVTRERIIRI RPN NEITNONRIENCRRINIRRRERRERPNRRIBOOEOOROIROQRIENINTRIODS

« NUMBER OF ¢ VOLUME ¢ CONCENTRATION s CON.VOL ¢ WEIGHT OF ¢« Mg METAL/kg ¢
. SAMPLES * (inml)* (in mg/1) * (ug) * SAMP.(mg) * DRIED WEIGHP
BTV CIP P ROGATCOI 002V 0 8020800080003 0880000R0000 80000 AREISQCT0A0dsssséoadns
. 81 « 102 . e.e11 + 1,98 ¢ 212.80 o 5 .
RSO0 R OB RPRTRNC QAN TRV R EREPRBTCERCERREERROTRRINERNERTRQECTROENQGOISNCGESIORSENNINOGESNRTEETSE
. B2 . 58« 0.022 v 1.10 + 130.90 o 8 .
OB R VRS E 09000228000 CPNET0RCRREEVRNPERINERERTRRANRTNNEB0QCRRASRQSMOQARIAUETGOUES
. Cul . 11— 2.027 ¢ 1.85 ¢+ B87.20 o 21 .
I FE R R R R N R R RN R N R R N Y N R Y R N R R F FE R R R R RN R R R NI
. Cu2 . ¢ . 0.093 « 4,65 « 142.85 ¢ 23 .
ST EF IS CST RV CR OB RO PR R AR TR RSN PO RS NEINPRENNEUNGRRGTANTEOCERIERE
. Cu3 . 102 . ¢.078 ¢ 7.80 s 177.75 84 .
[ E R E R R R R EE R RN R R N N RN A Y R R R R Y Y N E R R N R SN EN R RN R R RN N NN]
. Cus . S ¢.2665 ¢ 18.20 ¢ 146.30 125 .
A R R R R E R RN N R R E R R R R NN R R R R R R R R R R R AR NSRS RZNNRREERRRR RN R NN NN R R NN NN NN NN
. Cus . e . 2.25 s+ 13,43 ¢+ 79.90 168 s
P HEI ARV 992008080 2R 229020 RSP HETNRINRRRRAEERUITONABTRBOFNTRBESBBIPEIITRARLE
. Cdl ’ g . g.oo2 s 1.10 + 144.35 .« 8 .
42 8402202380 R0 RETRREPRRREVIRNCEETNERRREBRRNTIRNIPNREETREE08CERERRACV GBI SROERRILY
. Cd2 . S . 0.011 *+ 0.55 + 141.80 4 .
S RQCEH SR RRIVIINAEEII VB CLR et S U TSI CRNITGRRIIPE QO PP RPOIINPRP RIS RERPIERPES G
. cel , L 0.ee1 s .05 o 47.70 » 1 .
AR LR EB LSRN R R IRB IR IR0 0300C88S308208CT0CRVRBRTRSRPOEAOGINRIRSTRARNOSTOT
. Cus . 56 . g.0:1 + .55 ¢ 144.85 « s .
X R R R R E X E I R NN N R R RN R R N N R F R R R R N R R R R NN R R R R NN N NN NI N NN AN
. CdS . So . 2.¢05 « .20 +  93.60 3 .
X X R E R R N RN RN R R R R R R R N Y Y N R R R R R R RN N I I I AN
. ces . 58 . 2.e22 + 1.18 s+ 151.80 7 .
R N X EE N RN E N E R RN R NN RN R R R R R N R R R N R RN NN RN RE N A I N IR N
. ce? . Sp e e.216 + 2.80 + 153.80 5 '
2200 S 0T SRHS R CQEI PRIV REREN RN 0EI TP RCE0A08000 0088 ¢6808000 00t eCCacetotagiassr
. Cd8 . e e 2.011 ¢ 8.5 ¢+ 1B6.50 z .

IR R RN R R RN RN NE N Y R R R R RN R

B! and B2 : earthworms from uncontaminated "Artisol"
Cul and Cu2 : earthworms from 10 p.p.m. Cu "Artisol”
Cul : earthworms from 30 p.p.m. Cu "Artisol”
Cuéb : earthworms from 90 p.p.m. Cu "Artisol"
Cu$S : earthworms from 270 p.p.m. Cu "Artisol"

Ccdl, Cd2and €Cd3 : earthworms from JOO p.p.m. Cd "Artisol"
Cd4 and Cd5 : earthworms from 300 p.p.m. Cd "Artisol"
Cd6, Cd7 and Cd8 : earthworms from 900 p.p.m. Cd "Artisol”

. A——
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TABLE 6
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TABLE
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TABLES 6 AND 7
QUANTITIES OF CADMIUM (in P.P.M.)

IN ANALYSED EARTHWORMS

[ I R RN R E N R R Y N R N R s A N R R L R AN Y R Y R R N NN

* NUMBER OF * VOLUME * CONCENTRATION * CON.VOL® WEIGHT OF * Mg METAL/kg *
. SAMPLES * (inml) * (in mg/1) * (ug) * SAMP,(mg) ® DRIED WEIGHT*
BROGVS NV S0 CRIT00200R 80002000000 CRARRRRRRRBNBRRANENECEEEFaTIE0Qidceeeededteaciony
. B1 « 182 0.014 v 21.40 s+ 212.8Q o 181 .
[ F R RN R R R R R N E R N R R R R E R L R A R R N R R R R N NN NN N EEN RN E RN NN
. B2 . 5@ . €.536 ¢ 26.80 o 130.92 205 .
88080800 RRBECRRCE PRIVt TREGPIESREREOOPPROEPPRIIIPRIEOS0S9 2100 0CCRCRcRRSRRSTS
. Cul ’ 50 . 0.275 * 1375 s+ 87.20 158 .
VA0 TR0 IC R PE 2Rt ot 080000 2080808000800 00080800088 8800000800000

Cu? . 52 » ¢.484 * 2420 o 142.85 169 .
VO OCP QR QT QPP P PRSPPI RGP 008 0RAC0R0FRQRRRCRERINNERRRE0CRC0SIREERPIITIRIIRIOIRAEIRGESD
. Cu3 e 182 . ¢.28¢ « 38.80 ¢ 177.75 o 214 .
X E R E R N N NN R R R N R RN R N N R R A N R AN R AN R AR R R R R R RN R NN NN NN I NN AR
’ Cut . 5¢ . ¢.s00 v 20.10 e« 1456.20 o+ 27 .
I RN NN RN NN R NNEN RN N NN AR AR NREE R RN R R R R R AN R EE NN E RN R R N E XN NE NN NN EN NN
. Cel . e €.973 * 4B.B5 s+ 14:.80 v 2432 .
I N RN R RN YN RE RN YR FRREENE YR NRE R AR RN R R ERARRRRE R NE X R R NN NN R B NN I IR NN N I I
. 33 ’ 5e¢ v ©.359 ¢ 17.95 s+ 87.7Q o« 276 .
R R R N N PR N R R N R A R R Y A RN R RN RN R R R RN NN I NI NN AR N
et . 5¢ 2.859 + 42.95 « 9360 - 459 .

. (%)
N R R R R N R R Y RN RN R RN R

IGDICOOOOOOO'OOCOI..OQIIil.I."Q!l'..."..l....'....l....l!l.."....!C..IQ.Q'O.
« NUMBER OF , VOLUME , CONCENTRATION, CON.VOL, WEIGHT OF , Mg METAL/kg ,
. SAMPLES . (in ml), (in mg/1l) . (ug) o SAMP.(mg) , DRIED WEIGHT,
l"llllC.Il"."."l"l0I’OOOOOQD'.lll.l....ll.ll..ll".ll.'lll..lIIIOIQC0.0..D
. Cal . €0 . 1.029 *  51.45 & 1£4.35 156 .
llll.l'.l.l!ll.!l.l'l.'.OO!Ill'.I..""'..........I.IC....I.'......IOOO.Cl..'l.
. ce: . e . .968 * 48,40 « 141.88 741 .
lllll.ll.llll'l'llll'l!0..!00.00.!.IQ..II’I..I.Q!I.IQ'..I.QI'..II..l.l'....l'lC

c2s . €3 1.299 s+ £4.95 « 142,85 14 .
l'lI.O.'.l..."'..l.“.."l.‘.'..ll'............'....i....‘...........l'.'..'.l
. Cat . 50 . 1.529 ¢« 76.45 + 151,80 ses .
.OI..'I.l...lI...'lI.I'.’..00....-l..l....'........l........l.'.l'....Q'.I.'l..
. cer . 50 . 1.744 «  87.20 ¢ 159.80 o 54g .
..I.I.0..0.!'l'Oll"'l.l.!l!.......0.0I.I......I..II......I'l..l.....0.'0.....l
. Ce8 . 1 2.ee ¢ 101.00 ¢ 15G.50 ¢ £e? .

T80 1000000000800 00t s terstsit e srusutaisRtendaseeettasnesaIdssstesstatarensna

Bl and B2 : earthworms from uncontamined "Artisol"
Culand Cu2 : earthworms from 10 p.p.m. Cu "Artisol"
Cul ¢ earthworms from 30 p.p.m. Cu "Artisol"
Cud ¢ earthworms from 90 p.p.m. Cu "Artisol"

Cdl, Cd2and Cd3 : earthworms from 100 p.p.m, Cd "Artisol"
Cd4and Cd5 : earthworms from 300 p.p.m. Cd "Artisol"
Cd6, Cd7and Cd8

earthworms from 900 p.p.m. Cd "Artisol"

A) RANGE LOWER THAN | P.P.M.

B) RANGE UPPER THAN | P.P.M.
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TABLES 8 and 9
Concentrations of Copper and Cadmium in Artisol and corresponding
concentrations in earthworms

CONCENTRATION OF CONCENTRATION OF
“ARTISOL" IN COPPER  EARTHWORMS IN COPPER
in ppm in ppm
0 (Blank) 6,5
10 27,0
30 44,0
90 125,0
270 168,0
CONCENTRATION OF CONCENTRATION OF
"ARTISOL" IN CAIMIUM  EARTHWORMS IN CAIMIUM
in ppm in ppm
0 (Blank) 153
100 358
300 453,5
900 552,0
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Figure 1 : COPPER (Toxicity tests)

LC 50 = 110 p.p.m

Correlation coefficient = 0,94
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Figure 5
Copper concentration in Artisol and correspondant concentration

in earthworms
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Figure 6

Cadmium concentration in Artisol and corresponding concentration

in earthworms
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